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WLAN AS A LOGICAL SUPPORT NODE 
FOR HYBRID COUPLING IN AN INTERWORKING BETWEEN 
WLAN AND A MOBILE COMMUNICATIONS SYSTEM 

S BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention generally relates to interworking between networks and, 
more particularly, to the utilization of an lnteiWorl<ing Function (IWF) as a logical 
Sen/Ing General Paclcet Radio Sen/ice (GPRS) Support Node (SGSN) for 

10 implementing a hybrid coupling arrangement between a Wireless Local Area Network 
(WLAN) and a mobile communications network. 
BACKGROUND OF THE INVENTION 

A number of different architectures may be employed in an interworking 
between a Wireless Local Area Network (WLAN) coverage area and other mobile 

15 communications technologies such as Universal Mobile Telecommunications System 
(UMTS). As is l<nown, WLANs offer much higher access data rates than cellular 
mobile networks such as UMTS,, but provide very limited coverage (typically up to 
100 meters from the radio transmitter), while UMTS offers widespread coverage 
(ranging several hundred kilometers). Intenvorking may be provided between a 

20 WLAN hotspot and a mobile communications network, such as UMTS, to allow a user 
to utilize either the WLAN or the mobile communications network, or both, depending 
on the location of the user. The intenworking between the WLAN and the mobile 
communications network may provide the user with roaming capability as the user 
moves between, and through, the coverage areas of the WLAN and the mobile 

25 communications network In order to efficiently use the capabilities of the access 
networks. However, it is typically the case that the user and control planes are not 
separate in such an intenworking and, thus, the Quality of Service (QOS) 
negotiations, mobility. Authentication Authorization and Accounting (AAA) procedures 
of the UMTS are not re-used, resulting in expensive UMTS radio resources being tied 

30 up implementing these functions. 

Accordingly, it would be desirable and highly advantageous to have an 
interworking anangement between a WLAN and a mobile communications network 
(e.g., UMTS) that aids in separating the user and control planes such that the 
signaling still goes through the mobile communications network but the data goes 
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through the WLAN radio resources. Such an interworking would provide the 
advantage that the QOS negotiations, mobility, AAA procedures of the other mobile 
communications network are re-used while freeing up expensive radio resources of 
the mobile communications network and utilizing the high data throughput of a 
5 WLAN. 

SUMMARY OF THE INVENTION 

The problems stated above, as well as other related problems of the prior art, 
are solved by the present invention, which is directed to the utilization of an 
InterWorking Function (IWF) as a logical Serving General Packet Radio Service 

10 (GPRS) Support Node (SGSN) for a hybrid coupling between a Wireless Local Area 
Network (WLAN) and a mobile communications network. Advantageously, the 
present invention allows for the reuse of all the signaling protocols specified in a 
mobile communications network (such as, e.g., a Universal Mobile 
Telecommunications System (UMTS). Moreover, the present invention 

15 advantageously allows for diversion of data traffic from the mobile communications 
network to the WLAN. 

According to an aspect of the present invention, there is provided a method for 
supporting an intenworking between a Wireless Local Area Network (WLAN) and a 
mobile communications network. The mobile communications network has a 

20 Gateway General Packet Radio Service (GPRS) Support Node (GGSN) and a 
Serving GPRS Support Node (SGSN). The intenA^orking is facilitated by an 
InterWorking Function (IWF). The method comprises the steps of establishing at 
least one GPRS Tunneling Protocol - User plane (GTP-U) tunnel between the IWF 
and the GGSN for transferring data signals, and establishing at least one GPRS 

25 Tunneling Protocol - Control plane (GTP-C) tunnel between the GGSN and the 
SGSN for transferring control signals. 

According to another aspect of the present invention, there is provided an 
apparatus for supporting an interworking between a Wireless Local Area Network 
(WLAN) and a mobile communications network. The mobile communications 

30 network has a Gateway General Packet Radio Service (GPRS) Support Node 

(GGSN) and a Sen/ing GPRS Support Node (SGSN). The interworking is facilitated 
by an InterWorking Function (IWF). The apparatus comprises means for establishing 
at least one GPRS Tunneling Protocol - User plane (GTP-U) tunnel between the IWF 
and the GGSN for transferring data signals, and means for establishing at least one 
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GPRS Tunneling Protocol - Control plane (GTP-C) tunnel between the GGSN and 
the SGSN for transferring control signals. 

These and other aspects, features and advantages of the present invention will 
become apparent from the following detailed description of preferred embodiments, 
S which is to be read in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a blocic diagram illustrating a communication structure 100 to which 
the present invention may be applied, according to an illustrative embodiment of the 
present invention; 

10 FIG. 2 Is a diagram illustrating the user plane 200 and the control plane 250 of 

the Gn interface, according to an illustrative embodiment of the present Invention; 
and 

FIG. 3 is a diagram illustrating messages used to enable a data path through a 
WLAN and a signaling path through a Universal Mobile Telecommunications System 

15 (UMTS), according to an illustrative embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention is directed to the utilization of an InterWorking Function 
(IWF) as a logical support node in a mobile communications network, in particular a 
Sen/ing General Packet Radio Sen/ice (GPRS) Support Node, (SGSN) for a hybrid 

20 coupling between a Wireless Local Area Network (WLAN) and the mobile 

communications network. In a preferred embodiment of the present invention, the 
coupling is between a WLAN and a third generation (3G) Universal Mobile 
Telecommunications System (UMTS). However, it is to be appreciated that the 
present invention Is not limited to UMTS (with respect to the other mobile 

25 communications network that is coupled to the WLAN) and, thus, any other type of 
mobile communications network may also be employed In a coupling with the WLAN 
while maintaining the spirit and scope of the present invention. Some of the many 
types of other mobile communications network include, but are not limited to, those 
employing, e.g.. Code Division Multiple Access (CDMA) 2000, General Packet Radio 

30 Service (GPRS), and so forth. 

The present invention essentially utilizes the user plane interface to connect 
the WLAN to the UMTS by using the Gn (user plane) interface between the WUVN 
gateway (IWF) and the UMTS Gateway General Packet Radio Sen/ice (GPRS) 
Support Node (GGSN); moreover, the present invention essentially utilizes the UMTS 
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to carry the control plane by using the Gn (control plane) interface between the 
UIVITS SGSN and the UMTS GGSN. Thus, the present invention aids in separating 
the user and control planes such that signaling still goes through the UMTS network 
but the data uses the WLAN. Accordingly, one of the many advantages of the present 
5 invention is that the procedures of the UMTS may be re-used for the most part while 
freeing up expensive UMTS radio resources. 

It is to be understood that the present invention may be implemented in 
various forms of hardware, software, firmware, special purpose processors, or a 
combination thereof. Preferably, the present invention is implemented as a 

10 combination of hardware and software. Moreover, the software is preferably 

implemented as an application program tangibly embodied on a program storage 
device. The application program may be uploaded to, and executed by, a machine 
comprising any suitable architecture. Preferably, the machine is implemented on a 
computer platform having hardware such as one or more central processing units 

15 (CPU), a random access memory (RAM), and input/output (I/O) interface(s). The 

computer platform also includes an operating system and microinstruction code. The 
various processes and functions described herein may either be part of the 
microinstruction code or part of the application program (or a combination thereof) 
that is executed via the operating system. In addition, various other peripheral 

20 devices may be connected to the computer platform such as an additional data 
storage device and a printing device. 

It is to be further understood that, because some of the constituent system 
components and method steps depicted in the accompanying Figures are preferably 
implemented in software, the actual connections between the system components (or 

25 the process steps) may differ depending upon the manner in which the present 
invention is programmed. Given the teachings herein, one of ordinary skill In the 
related art will be able to contemplate these and similar implementations or 
configurations of the present invention. 

FIG, 1 is a block diagram illustrating a communication structure 100 to which 

30 the present invention may be applied, according to an illustrative embodiment of the 
present invention. A description will now be given with respect to FIG. 1 of a UMTS- 
WLAN interworking that employs an InterWorking Function (IWF) as a logical Serving 
General Packet Radio Service (GPRS) Support Node (SGSN) for the UMTS, 
according to an illustrative embodiment of the present invention. The WLAN may be, 
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but is not limited to, a WLAN according to the Institute of Electrical and Electronics 
Engineers (IEEE) specification 802.1 1 or to the European Telecommunicatloris 
Standards Institute (ETSI) High Performance Radio Local Area Network Type 2 
(HIPERI_AN2). 

5 The communication structure includes an InterWorking Function (IWF) as a 

logical Serving General Packet Radio Service (GPRS) Support Node (SGSN) (and 
hence reference numeral 105 shall be interchangeably used herein to represent the 
IWF and the logical SGSN, as they are one and the same for the purposes of the 
present invention), a WLAN Access Point (AP) 1 10, a User Equipment (UE) 120, a 

10 UMTS Node B 125, a UMTS Radio Network Controller (RNC) 130, a Sen/ing General 
Packet Radio Sen/ice (GPRS) Support Node (SGSN) 135, a Gateway General 
Packet Radio Service (GPRS) Support Node (GGSN) 140, the Internet 145, a Home 
Location Register (HLR) 150, a Mobile Switching Center (MSC) 155, and a Public 
Switched Telephone Network (PSTN) 160. 

15 UMTS Node B 1 25 includes a transceiver for communicating with UE 120 via 

the air interface, UMTS Node B 125 performs various front end functions for 
providing communications between UE 120 and UMTS RNC 130. UMTS RNC 130 
performs the management of the radio interface and interfaces with SGSN 135. 
SGSN 135 provides the interface between UTRAN 165 and the packet switched 

20 network, and perfonns a role similar to that of MSC 1 55 in the circuit switched 
portion. SGSN 135 performs mobility management and session management 
support. Communications structure 100 may comprise a plurality of UTRAN 165 
coupled to SGNS 135. GGSN 140 interconnects the public land mobile network 
(PLMN) to any other packet data network (PDN), for example, the Internet. GGSN 

25 140 may be viewed as an IP router that performs such functions as address mapping 
and tunneling. There is generally one GGSN 140 for the PLMN. MSC 155 routes 
calls In the circuit switched network and is connected to PTSN 160. HLR 150 is a 
database that administers the subscriber related data. It contains information such 
as, the services to which the subscriber is entitled, and the location of the area in 

30 which the subscriber is currently registered. The information of a subscriber can be 
retrieved using either the subscriber's unique intemational mobile subscriber identity 
number (IMSI) or Mobile Station Intemational ISDN number (MSISDN). 

The UE 120 communicates with a UMTS Terrestrial Radio Access Network 
(UTRAN) 165, the latter including the Node B 125 and the RNC 130. The UTRAN 
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165, in turn, is connected to a Core Networi< (CN) 170 that includes tlie SGSN 135 
(packet based services), tlie MSG 155 (circuit based sen/ices) and the GGSN 140 
(gateway to other Public Land Mobile Networks (PLMNs)). An lu interface connects 
the UTRAN 165 to the CN 170. 

5 The coupling employed herein is referred to as "hybrid coupling", since the 

tight and loose coupling definitions of the European Telecommunications Standards 
Institute (ETSI) do not describe the coupling employed by the present invention 
where the signaling and user planes are split between the UMTS and the WLAN. 
The splitting of the signaling and user planes aids in keeping the WLAN gateway (i.e., 

10 IWF) simple, as the WLAN gateway only needs to cany the user plane while the 
complex control plane reuses the UMTS. For Packet Switched (PS) services, the 
data plane takes the majority of radio resources. By diverting the data part to the 
WLAN in hotspots, considerable radio resources are conserved and can now be used 
for other users and other sen/ices, while the UE retains the connection with the CN 

15 170. 

A number of Access Points (APs) (e.g., WLAN AP 1 10) are tied back to the 
InterWorking Function (IWF) 105 that, in turn, is connected to the UMTS. The 
intenworking function 1 05 may be embodied within a separate hardware coupled to 
the access points, or as a portion of the access point, and include various software 

20 modules and hardware necessary to implement the desired functions. As shown in 
FIG. 1 , the WLAN IWF 105 bypasses the RNC 130 and the SGSN 135 and connects 
to the GGSN 140 (assuming PS sen/ices). The GGSN 140 takes care of the mobility 
at the Internet Protocol (IP) layer (see FIG. 2), but the InteiWorkIng Function 105 will 
need to communicate with the GGSN 140 to establish the GPRS Tunneling Protocol- 

25 User plane (GTP-U) tunnel 1 99 to transfer data. A GTP tunnel in the GTP-U plane is 
defined for each Packet Data Protocol (PDP) context in the GSNs (i.e., SGSN 135, 
GGSN 140) and/or each Radio Access Bearer (RAB) in the RNC 130. A GTP tunnel 
in the GPRS Tunneling Protocol-Control plane (GTP-C) is defined for all PDP 
contexts with the same PDP address and Access Point Name (APN) for tunnel 

30 management messages. A GTP tunnel is identified in each node with a Tunnel 

Endpoint Identifier (TEID), an IP address and a User Datagram Protocol (UDP) port 
number. It is to be appreciated that the present invention is not limited to defining a 
GTP tunnel in the GTP-U plane for each PDP context and/RAB and, thus, other 
configurations may be readily employed as readily determined by one of ordinary skill 
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in the related art, while maintaining the spirit and scope of the present invention. 
Moreover, it is to be appreciated that the present invention is not limited to defining a 
GTP tunnel in the GTP-C plane for each PDP context with the same PDP address 
and APN and, thus, other configurations may be readily employed as readily 
5 determined by one of ordinary skill in the related art, while maintaining the spirit and 
scope of the present invention. Further, it is to be appreciated that the present 
invention Is not limited to identifying GTP tunnels with all of a TEID, an IP address 
and a UDP port number and, thus, other Indicia may be readily employed as readily 
determined by one of ordinary skill in the related art, while maintaining the spirit and 

10 scope of the present Invention. 

As illustrated in FIG. 1, signaling goes over the UMTS with the GTP-C tunnel 
198 established between the SGSN 135 and the GGSN 140 (control plane Gn), while 
the data path goes via the WLAN over the GTP-U tunnel 199 established between 
the IWF 105 and GGSN 140 (user plane Gn). FIG. 2 is a diagram Illustrating the user 

15 plane 200 and the control plane 250 of the Gn interface, according to an illustrative 
embodiment of the present invention. 

The user plane 200 and control plane 250 include, for each GSN, a Level 1 
(L1) 205, a Level 2 (L2) 210, an IP layer 215, and a UDP layer 220. The user plane 
further includes, for each GSN, a GTP-U layer 225. The control plane 250 further 

20 includes, for each GSN, a GTP-C level 230. 

The control plane 250 In this case relates to GPRS Mobility Management 
functions like GPRS Attach, GPRS Routing Area Update and Activation of PDP 
contexts. The GTP-C shall perfonn the control plane signaling between GSN nodes 
(e.g., SGSN 135 and GGSN 140). The GTP-C control plane flow shall be logically 

25 associated with, but separate from, the GTP-U tunnels. For each GSN-GSN pair, one 
or more paths exist. One or more tunnels may use each path. GTP-C shall be the 
means by which tunnels are established, used, managed and released. A path may 
be maintained by keep-alive echo messages. This ensures that a connectivity failure 
between GSNs can be detected in a timely manner. GTP-U Tunnels are used to carry 

30 encapsulated Tunneled Protocol Data Units (T-PDUs) and signaling messages 

between a given pair of GTP-U Tunnel Endpoints. The TEID, which is present in the 
GTP header, shall indicate which tunnel belongs to a particular T-PDU. In this 
manner, packets are multiplexed and de-multiplexed by GTP-U between a given pair 
of Tunnel Endpoints. 



wo 03/105493 PCT/US03/16962 

8 

FIG. 3 is a diagram illustrating messages used to enable a data path through a 
WLAN and a signaling path through a Universal Mobile Telecommunications System 
(UMTS), according to an illustrative embodiment of the present invention. In 
particular, FIG. 3 illustrates a sequence of messages exchanged between a mobile 

5 terminal (also referred to herein as "User Equipment") and an InterWorkIng Function 
(IWF) and between the IWF and a Core Network (CN). 

When the UE 120 moves into the WLAN coverage area, the UE 120 first 
needs to "associate" with the WLAN Access Point; accordingly, an "Associate 
Request" is sent from the UE 120 to the IWF 105 (i.e., the logical SGSN) (step 301). 

10 Upon receiving the "Associate Request", an "Associate Response" is sent from the 
IWF 105 to the UE 120 (step 302). 

With respect to network security, in one illustrative embodiment of the present 
invention, the UE 120 is authenticated via the UMTS network (SGSN-Home Location 
Register (HLR)) using a User Services Identity Module (USIM), which can then 

15 communicate the authentication accept/reject to the WLAN IWF 1 05 through the 
GGSN 140 (step 303). The encryption key used in UMTS could be reused when the 
UE 120 is connected with a WLAN. 

With respect to UE mobility, two illustrative approaches are described herein. 
However, it is to be appreciated that the present invention is not limited to the 

20 following two approaches to UE mobility and, thus, other approaches to UE mobility 
may be employed while maintaining the spirit and scope of the present invention. 

With respect to the first approach concerning UE mobility, the WLAN coverage 
area can be registered as a different Routing Area (RA). In such a case, the UE 120 
informs the new Routing Area Identifier (RAI) in the WLAN (step 304) such that the 

25 SGSN 135 recognizes the new RAI as corresponding to the WLAN and the SGSN 
135 does not start inter-SGSN procedures (e.g., as per the 3'^ Generation 
Partnership Project (3GPP) standards). Instead, the SGSN 135 is configured such 
that if a PDP Context Request or a Modify PDP Context Request (as shown in step 
305) comes from the UE 120, then the SGSN 135 is to specify the IWF address and 

30 TElDs for the GTP-U establishment. If a pre-existing PDP Context is modified upon 
entering the WLAN or if the primary PDP Context is established only upon entering 
the WLAN, then the Security Management (SM) and GPRS Mobility Management 
(GMM) in the UMTS SGSN 135 shall keep track of the UE SM and GMM state 
machines. 
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With respect to the second approach concerning UE mobility, the WLAN IWF 
105 implements mobile IP within the WLAN with the GGSN 140 as the Foreign Agent 
(FA) to handle UE mobility. The advantage of not doing the second tunneling 
between the RNC 1 30 and SGSN 1 35 should compensate for the complexity of using 
5 mobile IP with the GGSN 140 being the foreign agent. A mechanism to infonm the 
SGSN 135 to establish the GTP-U between the GGSN 140 and the IWF 105 can be 
the 3G Location Services (LCS), which Informs the SGSN 135 If the UE 120 is near 
an IWF 105. 

When the UE 120 moves Into the WLAN coverage area, if the UE 120 has 

10 already established a PDP context session with the UMTS SGSN 135, then the UE 
120 can send a "Modify PDP Context Requesr (step 305) to the UMTS SGSN 135 to 
establish the data plane over the WLAN and to retain the control plane over the 
UMTS. The SGSN 135 may restrict the desired QoS profile given Its capabilities, the 
current load, and the subscribed QoS profile. An "Update PDP Context Request" 

15 message is sent from a SGSN 135 to a GGSN 140 as part of the PDP Context 

Modification procedure or to redistribute contexts due to load sharing (step 306). The 
Update PDP Context Request message shall be used to change the QoS and the 
path. A valid Update PDP Context Request initiates the creation of a tunnel between 
SGSN 135 and GGSN 140 on the control plane and between IWF 105 and GGSN 

20 140 on the user plane. An "Update PDP Context Response" is sent from the GGSN 
140 to SGSN 135 (step 307). If the negotiated QoS received from the SGSN 135 Is 
Incompatible with the PDP context being activated, then the GGSN 140 rejects the 
Update PDP Context Request message; otherwise, the GGSN 140 accepts the 
Update PDP Context Request message. SGSN 135 will then send the Modify PDP 

25 Context Accept/Reject to UE 1 20 (step 308). 

If there is no PDP context as yet between the UE 120 and the SGSN 135, the 
UE 120 can send an "Activate PDP Context Request" to the UMTS SGSN 135 as 
shown at step 305. Subsequently, a Create PDP Context Request shall be sent from 
the SGSN 135 to the GGSN 140 as a part of the GPRS PDP Context Activation 

30 procedure as shown at step 306. A valid Create PDP Context Request initiates the 
creation of a tunnel between SGSN 135 and GGSN 140 on the control plane and 
between IWF 105 and GGSN 140 on the user plane. A "Create PDP Context 
Response" is sent from GGSN 140 to SGSN 1 35 (step 307). If the negotiated QoS 
received from the SGSN 135 is incompatible with the PDP context being activated, 
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then the GGSN 140 rejects the Create PDP Context Request message; otherwise, 
the GGSN 140 accepts the Create PDP Context Request message. SGSN 135 will 
then send the Activate PDP Context Accept/Reject to UE 120 (step 308). If there had 
been an existing session when UE 120 had moved from UMTS to WLAN coverage, 
5 the data bearer for that session can now be explicitly torn down (step 309) to save 
UMTS bandwidth. Subsequent signaling will use the UE-UTRAN-SGSN-GGSN path 
(step 310) and data will use the UE-IWF-GGSN path (step 311). 

A Tunnel Endpoint Identifier (TEID) Data I field specifies a downlink TEID for 
G-PDUs, which is chosen by the SGSN 135. The GGSN 140 includes this TEID in 

10 the GTP header of all subsequent downlink G-PDUs that are related to the requested 
PDP context. To establish the GTP-U over the WLAN interface, this TEID shall be 
chosen such that the tunnel is between the GGSN 140 and the IWF 105. This TEID 
can be sent from the IWF105 to the UE 120 at the time of "associate response" at 
step 302, and from the UE 120 to the SGSN 135 at the time of "PDP request" at step 

15 305. The SGSN 135 fonwards the TEID to the GGSN 140 as a part of the PDP 
context request rhessage at step 306. 

The TEID Control Plane field specifies a downlink TEID for control plane 
messages, which is chosen by the SGSN 135. The GGSN 140 includes this TEID in 
the GTP header of all subsequent downlink control plane messages, which are 

20 related to the requested PDP context. If the SGSN 135 has already confirmed 

successful assignment of its TEID Control Plane to the peer GGSN, this field is not 
present. The SGSN 135 confimis successful assignment of its TEID Control Plane to 
the GGSN 140 when the SGSN 135 receives any message with its assigned TEID 
Control Plane in the GTP header from the GGSN 140. 

25 Also, the SGSN 135 includes an SGSN "Address for control plane" (UMTS 

SGSN) and an SGSN "address for user traffic" (IWF) with the PDP Context Request 
or Update PDP Context Request, which may differ from that provided by the 
underlying network service (e.g. IP) at step 306. The GGSN 140 shall store these 
SGSN Addresses and use them when sending subsequent control plane messages 

30 on this GTP tunnel as in steps 307 and 310 or G-PDUs to the IWF for the MS as in 
step 31 1 . 

A description will now be given of some of the many advantages of the present 
invention. One such advantage is that most of the procedures of the 3G network 
(e.g., UMTS) are re-used. In the first UE mobility approach above, mobility 
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procedures also may be re-used. Re-use of the 3G network procedures aids in 
keeping the WLAN gateway simple, as it shall only need to carry the user plane while 
the complex control plane reuses the UMTS system. For PS services, the data plane 
takes the majority of the radio resources. So by diverting the data part to the WLAN in 

5 hotspots, considerable expensive UMTS radio resources shall be saved which can be 
now used for other users and other services while the UE retains the connection with 
the CN. Another advantage is that the WLAN coverage area may be hauled back to 
different operators since the signaling portion can remain with the 3G operator and 
the data plane can go through the WLAN. Instead of deploying his own WI-ANs in 

10 hotspots, the 3G operator can use existing WLAN deployment. Yet another 

advantage is that expensive radio resources in the 3G network can be released while 
the UE is in the WI-AN coverage area. Still another advantage is that the handling of 
the SM/GMM state machines in the UMTS SGSN aids in keeping the IWF 
functionality limited to the data tunneling. Moreover, since the IP-based Gn user 

15 plane interface is relatively simple to implement, the solution is scalable. Also, the 
3G operator provides one point of attachment (GGSN) to give access to both the 3G 
and the WLAN networks. Since a large part of the UMTS bandwidth would be used 
by data users, diversion of data traffic away from the UMTS network to WLAN will 
effectively increase the capacity of the UMTS network. Also since in UMTS data is 

20 tunneled first from UTRAN to SGSN and then again from SGSN to GGSN, in the 
proposed system there shall be one less encapsulation as only the SGSN (IWF) - 
GGSN encapsulation part will be done in the WLAN. 

Although the illustrative embodiments have been described herein with 
reference to the accompanying drawings, it is to be understood that the present 

25 invention is not limited to those precise embodiments, and that various other changes 
and modifications may be affected therein by one skilled in the art without departing 
from the scope or spirit of the invention. All such changes and modifications are 
intended to be included within the scope of the invention as defined by the appended 
claims. 



